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o^a^ 1) mii\^x^^^n^zt^nwiii-t^m^mimm<Dm^m'f-oym 

f 

5X10^ 9/cm2jgATi:$*l-5r^lS:#^i:-r^lt#«2fa«(Z)#§^^^-(D 
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«' • 

1 0 ^ ^/c m^JI^T. mtm^0^m^iZi5\^^X IxlO^'^/cm^t^ilX 

i: U*)G a A s li^ib 1 - a ;{)^::^^ Vn^S G a A sWi^sltG aAsj^_^P^ (0 
^a<l)Mi:L> ^^IfGa A sM^i:bGa As ^ _ ^ P ^MIC, K-A> h 
&Si. S, S e J3<fctKTeCDlS*fett2«jeA±i:i-SlS?iMK-l^>^^M5: 

[ft 1 0 ] mmnmm±mmmjimit. 
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:3^_0D^^V^G a A s i_.P« (O^a^l) lC<fc U J^^t*^ r i: 5:#^i:-r 
® &>f[:^fi!Hc^^x ^y 5^ > ^-r -5 3 i: i: -r i 2 fa«(D|§3t^^-co 

5] mm^%mmt. 2m&.±(Di i (a i ^ 

Ga^_^) yln^.yP (fefe'L, O^x^l, 0<y^l) iCXM^^n 
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1 immo)^%m^o 

T_--P(^^L, O^x^l, 0<y ^ 1 ) lCT«l^$tlS nM^^^y FM, 
7l> F¥"V>yyx:^;i/^i=-(Z):^^VMiMG a A s i-a^a (O^a^l) Mil 
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0 {Cg2^(Z)|§3t^^o 

{m^m2 2] t5ia«Sgi£tS:M(0?^fig^3S:5 ^tmJW±2 0 /i m^^)^Til"r 
S Zl Sif :^^2 0 Xli 2 1 Kum<D^^m'f'o 

JSa5{C, Si. S. SefeJ;t>*Te®lffi*feli2aj^A±i:$tlSK-A>h<D 
>^M«:?^fi^-tSril$:#mi:t-€>®^«2 0^VM^2 2 CD V^•m)b^ 1 «IC|B« 

X 1 0 ^ ^/cm^J^/^T, fufH3^5^CD^^(C^VNT 1X10^ / c m ^ J^± 1 
X 1 0 ^ ^/cm^JiJ-lTi:$ti-5:ii:$:#l|{:i:-r-2»»^:^2 3fa^®l6^^^, 

[M^3S2 5] W}mmmmmmiz:j5\>^x. mmmmmm-^^. 'tt\.&.^<D 

(0^a<l) jf^L, ^miSG a A s U^mitG a As ^ _ ^ P a®^^^ 

>h^si, s. s eis^xfT e(Dimt.r=.it2m&.±t.-t^-mmm\^-i^y^ 
m ^m^t^zL n ^mWiiL^^m^^ 23x^24 \zmm(D%%m^o 

[0001] 

[0 0 0 2] 

(Al^GajL_^) yIn^_yPM^ (fefe'L, O^x^l, O^y^l 
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; J^T^ A 1 G a I n PM^^ feSV%li#lCA 1 G a I n P ^ifeia^f-S) ICJ: 
Ay ^v^<7):*:^VMiMA IGalnP^Jr^^y KMi: pMA 1 G a I n P^ 

mi^rm^n^myt^m'') m-trntt"^. hma iGainP^^^y FJSM^fciip 
it. mytmm jc ^ it s & n w ir y m fS3t^^ & *f i: -r s 

<. oty. ZirT'li. nMA 1 G a I n P^^^:; KM{ll*^e)^3^&5l»;ffi1-t)® 
[0 0 0 3] 

Al G a I nPmytm^^miZmtHt. pMGaAs««±lC/\7^n 
?^^$-B:S?^lCT, p^Ga A s A^y p M A 1 G a I n P ^ KM> 

A 1 G a I n PvSffiJl, nMA IGalnP^^^y FM 3 ©llRi^fCT^M b> 

[0 0 0 4] 

nizLami'fisi^tc.K. ^mm^m<Dm'piz^ vm-ox^mmA-fymm^ti^i^i^ 
mit. mnm\^x(^^^vr<D^%nm^^mm^t-t^t=.iibiz^(i.^i&i^iznpLib 
izmm.mmt'^M^ v. ytmmmmizi5i-f^mumfji^mmAf}^^rLx l * e) 3 
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Mlt. ^^m^til^iZ. mm^MM^^^MW, (MetalOrganic VaporPhase Epit 
axy:aT, MO V P EjSi: t) V^el ) IC J: U tlS 3 

[0 0 0 5] 

Hg^if) ^mm±^fj:itm (io-ikm^) izxm-^vrjti^tnttjt^fjt^^zn 

[0 0 0 6] 

Un>) , S (aH) , Se (l2l/>) -^Te <^> F-tf>^lC j: U n 

i: bTi^M?7&#«^$:5l'Kt- <5lCli, iti{fitf#*(Z) S i , S, S e T e nM 

F->'^:/ h®^iii*^ig:>^i:^So b3?)>b. z:tie)nMK-A"> hS:#*ic^inf 

[0 0 0 7] 

f mm^mm-t^izm^m^mmti^^kmizi&r-t^. m 

Mi:b, «l£®«^®c?)Mig^c«ev^^4^t--5l83^3Si;KS:JiSj5bfei:^, ^^mm 

•^^^i!b^i^>otir=.m^mmizmm-r^mm. $i^^^itwmmmm^^-Mm (m 
Ati 1 0 0 o^p^) izm^Lfct^cD. isammmizM-t ^wmmmmmmMm<D 
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[0 0 0 8] 

So 

[0 0 0 9] 
[0 0 10] 

mwiimt^mm.vrcm^m^iz:i3\>^x. 

So 

[0011] 
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(Hydride Vapor Phase Epitaxial Growth Method: J^T, HVPE^SilVA 
J:»;^^bL^f VNGaC ItC^^L/, MG a C 1 fSJ^T* Vi^^t;^^:*/ 

nf£o:^mx^^. MOV PEmiz J: ^m^^Mmmtim 4 fimymx'$}^(DizM 

hHVPEmVltmQ /ii»/^T'fet). HVPE^{C<fcSi:»^[g:gitSS:MOV 
J^^X'^^CD T', $:MOVPE^J;»;=fo«S75>>lC<£<«I^Sri:*^T?^ 

-So ttc. HVPEmxit. 1 1 im^mmtLxmm^j^mm^m^mm'\i-f. 
1 1 im^mmizM-t^ymftmn (AsHg. PHgj&i:*) ©@B^it^=biis 

[0 0 12] 

x:^.;i/df?-j: y %A> K^^^yyx:^;i/:^[?-®:^^VMiMG a A s i_aPa < 

o^a^i) miihxmm.-^n^:nii^!f^Wiii-t^o 3fcf6HH^cJ3v^T^i, mssfis 

mM2:HVPEiSfC j: -5(7)7?. MO V P EjgilM^ U H^C(D^mt)^^ 

D^C<V^o t^&oT, «§SMJi$:. F-/^°>^$:Si, S, Sefe4;0Te(Dl 
mt.rcit2m&.±ilLr:inmG a A s i_aPa (O^a^l) JfilLTJ^^-T 

. igMI^#«^5:5i'^i-S7£:4?)(Dniff F-ZN'^ h®^iD*5:, MOVPE^lCi: 

•t^ZHij'^X^^o HVPE^S (/^^ F^-f F^^^;R^) ICJ; U?^^$ti7"c« 
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aAsi ^P, (O^a^l) M*^b5&S««fcMli. )tM5:fflI0JbT3^ 

X 6. cL 

[0 0 13] 

snM® K-A°> h<D^^^)rmmit. m^iti x i o ^ '^/cm^jsjA±5 x i 
ri^M*^i X 1 0 ^ ^/cm27(c?iT'ii+:e-^#«^^«^S£Mm*^#e)tiT 

, sxio^^/cm^ $:S;^'5i:-^^^blci: yM^14*^aj5;t)tiSo 
[0 0 14] 

^J^li, #ga^5 - 2 7 5 7 4 0#<^#^C^^$4^^fg^^^^^C^3V^T^*, L 
PE (Liquid Phase Epitaxy) ^&-g>V\liVPE (Vapor Phase Epitaxy) ^(D 

l^lC^:S$-&SCD{Ctt, ffl^(D;g^lS&ilfSo 3©«ke)J&li,^,*^e>, *?ilWlC 
i3lt-5>«SKjm« (m^<7)^^0^:^XSlC^VNT?I^^StlS) (Dj^^m-^itZO 

-C[)^fflfig:RX^^CfeV^T?^^•t•5«SS^fefS:McD?^^^SS: 5 ^mJS^±2 0 ^ m 

mu.w^M<^m^m^ & 2 o fim^m^^miii'^:iii^^-^?>Aj-^mv&^i)'^^ 
^(omm^p. mnm^x(ows.mif^iz^<^j^'')-t^. wim^tfimizizjzi}. vf ( 

[0 0 15] 
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u r^iM*'^«?j^sfci[Mi^®^S3^<^BP:9'<i; 'J ^-m< stife, is^iM k- ^ 

[0 0 16] 

-m^M\^-y^y^M^J^^'thZ.ii<7)^ V y h i:bTtt> J:c)C«S^ 
^75)^?3Si, S, S e^«^:t>*Te(Dl®*fc^i2S£A±i:$tl^nMF~ 
[0 0 17] 

M^i^miZlt. F-A°>F5:Si, S, S efeJ:t;Te0 1«^^li2aJi^_fc:i: 

. lS?iSF-tf:y^®lcfeVNTtt, 1X10^ ®/c jg^JiS x i o ^ ^/c 

^-^urt§S*U X 1 0 ^ ^/cin^7^ilT'lj:> i«?gSF-if >yS<Z)®P^:^l«l 
CD«?jKfi£tS:<lEji^*lc^b<^y, 5 X 1 0 ^ ^/cm^ -^^-fbic 



1 1 
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[0 0 18] 

h®=ap^UTaS;?)'5l x l 0 ^ '^/cm^JSJlil Xl0^®/cm^ 

<„ 1 X 1 0 1 ^ / MgPi}-*^^lil3tMBPfi!l^nMK- 

fcMS:, K-/^>hS:Si, S, S e i3 J: O^T e (^) 1 feli 2ajeA±i: Ufe n 

tf>^*SlCj3V^T 1X10^ ^ / c m ^ Jtjil J: 5 X 1 0 ^ ^ / c m ^ J^^T il L> 
^gSK-l:^>^MJ^^^<^)5^^^<^)a54^^CfeV^T 1X10^ / c m ^ J£Jl± 1 X 1 0 

[0 0 19] 
[0 0 2 0] 

GaAs^rSB^ufeGaAs _ ^iz^ i)nmmmmt:mm-t^ t 

m.mwim^m^-t ^mz. nm\^-^'^yhti^^%mMiz'Mmizi}Kmi^r:^v. & 
^\i^it^ytmm\H<D}^-ny h(Dmimizj::5^^mit. mz. ^y';vy\v^umm. 
izisn^^'yv \^mii^hm^m^<o\^'-?^yv(Dmmz^^). is^t-ffiiSA^^gTb 



1 2 
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X 3. 3- 

U^^<^'2>^e){C, G a P®MB^i:ba*^0. 5 J^± 0 . 9 fi^T(^«gHT|gSi■ 
S r il jb'^M* b V%. G a PCDM^ita *^0. 9 ^Mk.^ G a A s (Dm^iti)"^ 
/hS -t^, HVP EiSlCi: yMK:St-SllK<Z)^;KMS*^iif<^oT K-A°> 

h(Z)j!£t!i:«lM^^*^-h^lClie>tl3&<^S#-^*^fe€>o GaPCDM^iba 

[0 0 2 1] 

- a*'^:^C#V^l^G a A s^i^JrbG a A s ^ _ ^ P ^ (0^a<l)Mi:L, 
]^G a A sM^itG a A s ^ _ P ^S^C, Si. S> S e J;t>'T e CD 1 
fett2SiJA-h&nMK-A°> hC5 K-A-> ha^ilf SlSiiS K-tf 

K - If > ^« (CM L "t (Z)«^(Z)® t^M^* ^ e> ic^ 

m6^{c#-^-r-5r ^iy{)^T'$s„ a A sM^i:bG a A s ^ _ ^ p g^mifmmm 

K--fcf>^M«fc y (0. 5 yttm*^?) 2 ytiin^M) J: < > 

-^mm\^-ify^M^m^iti fimi;A±4 flmp^r^zxm^■t^>m^. isg a a 

[0 0 2 2] 
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[0 0 2 3] 

zn^mtL-t^o mmitm^i^hLhxj^m-t^t^tb. :i(Dmmiz.m^mm(Drz. 

„ -^^x. ±U(D^of£mmm±m^. m^itmm<Dnmm.r&.mizm^xnm 
> ^mm^m^mtb^^nnf^x^^a :^mmmizi5^^xnmm.±mit. n 

SKfiStfeM ICM $ % ® h L T#;t -5 o 
[0 0 2 4] 
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m(D <fc ^ A^*^^ C IC < V^o 
[0 0 2 5] 

m^m^m^Mm (MO VP Em) iz^i)mrk]^^-t^o 

^4 \^^^m-^m (HVPE^) ICck yj^^fSo 
[0 0 2 6] 

[0 0 2 7] 
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(D±n\^) tCJ; U?^^'t-5 3i:;<)^T'^-5o Zltltt, HHjf ^ H V P E ?SlCT?^m 
•t^mz. GaAs^_^P^ {O^&^D ti^m^^^iS^m-Mi'^'m^'Ko^a) 
f)m^n^r:L&)X*&V. MOVP EICJ; »JJ^^3tlSll^M=fo> 3tl{C-^^D-B:ji 
timX'GaAs i_aPa (O^a^l) SrJgMf So 2:1^ 15 G a 

As^_g^P^(0^a^l: 5§^M SP(D - ^f§^M:SlC^^S: U fc^^x:^ 

;SXjg^CJ3V^T, MOVPE^ICJ; UH-MS:?^^^, ISIlM(^?^^!K^C^ff S 
[0 0 2 8] 

^fc, m-MilS-W^tt, |SfDGaAs^_^Pg^ (O^a^l)T'^oT 
%#«Mli>S*fil$tl-g>c l|HM$:> Si. S> S e fej:0T e(Z) ia*feli2 
aiJ^±&nMK-A°> hili-SnMG a A s i-^^a (O^a^l) Mali's 

GaAs^_^P^ (O^a^l) MH-t^o Z:c7)#-^(^SS^raJS«, 
MOV PEmz^^m-mt. HVPE^tCcfcSHSjf i:T'nMK-A> hCOS 

[0 0 2 9] 

, ^t^). m-miim-t^m^<D\^-'j-^yh^mmm^> ixio^'^/cm^ 

&,±2 X 1 0 ^ ®/cm2j£^TlC+^lC<B<ig^bTfe< i:. ]S?§JS K - If > 
jS3^)^^®Si, S, S e ^ j:t;JT e © ia^?ttt2aJt^Jlh$4x-5 nMK-A"^ 

[0 0 3 0] 
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*tS:^^6<ricx^y^>^T'^5%®S:dlM'r<5z:i:;bW*bv>o L*^L, ^-M 

x»y^>^|g:^:^)^7f;jELT, l|-Mlc*T'X^y^>^cZ)j^#7b^:A:^ <25:^T' 
[0 0 3 1 ] 

I I -V;^-fb-^i^^##:A^e)^5:Sll^gMS:^^*?^^b. x^y ^^xatCiSVNT 
> ^EHM&x>y^x h ^y^Mi: LTll^J»$:^-<Dx^y ^> ^*M{C J: U^b^fiUC 

^t^x^y^^^-r-sriiA'j^t^T'fe-So -^^y. mi:-mtituM<Dmm-t^mm 

i:^c^LT^*3i^^x»y^>^m*^Mo;i)^^^<T=fo> UMff^mmt ^muM t: 
mmmtlX$>tlit. ji^^^#^x^y5^>yffi$:;tLfcX«y5^>^'?g$:^^{CMm 
i-r ili^^j-iT'^-So ^l/T, ::(D^^rjiJLy^yVm^m-<DJLy^y^'mtLX 
fflVN-5ri:{c«fc xvy^>^x@^cfev^T^i^llEgM;^)<x^y^x h^y^Miil/ 

(Dm^m±Mthx^^m^<DW.rit:^y^y^^ti'ri>z^W'r^t>'^. ^<^^@ 

[0 0 3 2] 

rcD^raMtt, Ais:^;tL^vM 1 1 -vmit^m^mm::xmm-t^^t. 
nKic, :sLy^7.hv^mttjt^mmmi>zAit)^^m^nx\*^^t. ji^y^y^m 
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[0 0 3 3] 

m^lt. MSrpMAl d^aj^.^jP (0<d^l) XlipM (A1^,G 
j,In^_^P(0<b^l;0^c^0. 5) iZXm^-t ^m^^lt 
. m-m^nmCaAs i_aPa To ^ a ^ 1 ) iZXm^l^. ^HjfC^f-tS 

mr.m^m-mizMLxmmt£<mn::r.^y^y^xM^o n-jgc-^* 

tlSA 1 ©^•fb*^^IIi:'&S«#l±, M=fepMG a A s _ ^ P ^ (O^a 

^1) izxm^-t^:iiitfimmx^^o zc^m^it. mr.m^it^:r.v^y^i,z 

^itj{)^:^^V>G a A s i-b^b (a<b^l) ^ZXl^WL-^Mc^mM^l^m-t 
M^im-JlilA'^G a A s ^ _ ^ P ^ (0. 5^a^0. 9) *^e>J&U> UK 

tK^tK ^ c^M-^IS -r -5 3 i: {c J: y , x ^y ^ h ^y ::^Ji b 

mo^m^:sLv^y^^%BkmzmAo^}it'^x^^. 

[0 0 3 4] 

nm^mx\t:x.v^7shv':f^^ii^±'^\zmic>tir. 1 0 0 nmJ;»J^<?^ 

3 :^v'^7shvzf%^fi'^mm\^x^m^x^^. 

[0 0 3 5] 

HESM &x-/5^;?. h^y^MilLTH— MO^M&ll-^x^y^^^-l^ 
S:> ^-MSrX^y^;?. h»y^M^UT^:n(Dx»y^>^f|glCcfcyfl:^^l<flCjg«;ix 
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[0 0 3 6] 

yP o^x^i, o<y^i) izxm^^n^nm^^y \^m. 

z(Dmmizxmm^tir=.it'^jv^'T-nmM^mt:s>%<Dt.i.xm^x^^o 

nm^-t^o^x. ^^mizM^'^mytmm^mmx^^o ^^iz. m^mo^m^mm 

[0 0 3 7] 

mz. :$imm(Dm^^ifmz^\>^xit. ^m^Bmmit^yry'ifA^m-t^^o) 
iij^mm^n^tt^iz. mmm^mmii<i 0 o>:^\^^mm:&\^tLx. 

[0 0 3 8] 

(A 1 a ^ y I n ^ _ ti^htA^%%m%\%. W^^W^ilX^X 

;^■7T>y;^^^$^V^*(^)§:^MLfe^^. III|^M^(A1, Oa, in 

„ rnSr^^m-rsfetotciiA^ F=^r^^y >^x:^;l/d5^-®^«v^A 1 P(Z)M 
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<Z)T% nytmmoyi&r^mKm^fi^^&^o «^oT, (Al^Ga^_^) yin 

>r>'r>^;i/S:^i-s=fo®i:tt, ^©^^^^^©M^ifiii*^ <ioo 

;i/ i: b TMltT -5 =fo <Z) ^rW -5 o 
[0 0 3 9] 

[0 0 4 0] 

^%mmit. 2mPA±o) 1 1 imnm^^ti (Ai^Ga^_^) n ^_ 
p (rcTdh. o^x^i, o<y^i) izxm^^ti^nm^^y Y^m. Mtt 

A^o. nM^'^^y KM i, S, S e J:tJfT e ® 1 fcli 2aJSJ^ 
±$: F-/^^ hilt-SnM (Alj^Ga^_j^) yln^ _ ^ P ICT^fifeS tl. 

««B:Mli> F-A°>hS:Si, S, S e j:tKT e ® 1 feli 2aj^± 

K^^>y^x:^;l/3t^-®:^^V^nMG aAsj^_^Pg^ (O^a^DMilbT 
[0 0 4 1 ] 
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(Al Ga,_^) ^ I n , _^P<D^■/;l/^7^D«5gS:fflV^TI§3^MSS: 

m^Ltc^^m^iz-is^^x. :^mm(Di:^iznm^'yv i^mm^^'^mhmtv 

[0 0 4 2] 

Si, S, S e feckt>'T e ® lM*feli2ai^J:i: bfenMG a A s _ ^ P ^ 

(O^a^l) Mi:LT?^^!£■tSi:i:=fo^c, «^i&tlcjiff (DC^iM^:, ng?^'^ 
Scfi(DSi, S, S e feJ;t>*T e® lS^feli2SJ^±i:$tl-5nMF-/1::^ h 

[0 0 4 3] 

l§)feM§i5S:±iB®J:e)tC (Al^^Ga^.^^) yIn^_yP if^fH.. 0^ 

1, o<y^ 1) jcT^^-rs^-^. mmmmm^nmGaAs i _ a P a 

(O^a^ 1 : ^)^MSI5<^tf-^^^?«r^lcmbfc)tx:^;i/^- J; y fe/'?^ K 

F^+I^;R^lcJ:SHV P EMBPi: bT?^^•r4^^iJ:v^o l^^tMBP&^-t ( 
Alj^Ga^_j^) yIn^_yPi:, t" n M G a A s ^ _ ^ P 

(O^a^l) mt. ^^^m(Dm^iJ^i^^<^^'')'p-t^^tf^. Saii© j;o{C, 
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[0 0 4 4] 

, m-mm9<D^^mizmmv^^ 1 1 ^m^-t^r=.i^(DAumizxm^-^nr=. 

[0 0 4 5] 

^^Mg|J2 4tt, y > F-::^ (Al^Ga^_^) yIn^_yP (fefe'b, 
O^x^O. 55, 0. 45^y^0. 5 5 ) M^*^ ^ ^efS'fiJf 5 nM( 
Al^Ga^.^) yIn^_yP (fcfe'bx<z^ 1) nM^ ^ «y F 

MeiipMCAl^Ga^.^) yln^.yP (fefe'bx<z^ 1) 
pM^^^y FM4 iilCJ: U^^fc*«|^t?:;&■r-5o ^fe, 9 fifflC nMA 1 

Gal n P^^-y FM 6 *^@Bfi$tlTfeU, ||-«^i2 OMlCp§i!A 1 G a I n 
P^^^y FM4;{)^SB«$4^T^.^-2»o f^oT, 9 M55)^AT'&-5 

J i:(Z)^,i*T'$>U, jim<^ig3gxa±, ^ori^e<flcMAf -5 F-A'> 
[0 0 4 6] 

mm,m.mmnt. F-A>h$:si, s, s eis^xfr e(Dimt.t:^it2m&. 
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mm^n. Si, S, S e ^ j:t>*T e ® lS^:^ctt2SJ2^±i:$tl-2> 

a^.^P (MAlid = 0. 2) 0: 07b^at8?^^!^$tlTV>'5 
= «i5fEfi£^jS7cD?^^j?$ t 1 (i, Mx-lf5 /imJ^±2 0 /et mJ^T (-Mi:LT 
, 10/tm) T'^So *)c, SSSPlltM 1 0®J¥$ttO. 0 5 ;i mJ£i^± 1 mJEA 
T m^\tO. 1 /tm) "T?^-5o 
[0 0 4 7] 

«?jKfi£ffii:Ji7(^||-a^l9 $r0^K-rSf!l(D^^ffi$:^t/^MaPfCtt, Si, S 

TV^S<. S?lKfiSt!(M7©S i, S> S en^-ai: e(Dimi^tc\t2m&.±iL-^n 
-5nMF-A°> h(D=3p^ U T?i;gli, i^^S F- fc:°> ^Jl 8 ^C^V^T 1X10^ 

fey, ^^m.\^-\^y^m^&.^(D^6^\z^\^x i x i o ^ / cm^ x 

10^ ^/cm^je^T SXlO^'^/cm^) i:$tlTV>So 

[0 0 4 8] 

mmm.\^-\^y'ifMs<Dm^ t 21*1 /£inj2<±4 Amje^r (Mx.«3 ^m) v 

MiP^fnI{Cj3VATB& (Nmax+Nmin) /2i:;&5^tt&, iS^^M K - > i^Jg 8 

F-A°> h^^^gSSLtJfCa^li, IL^^-(ytynM^mm (Secondary Ion Mass 
Spectrometry: SIMS) J: U tlfe t (Z) Vn = ^-VUT^i^ 

[0 0 4 9] 
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ffi!f<?5^MS3b^S i. S, Sei3J:t)fTe(Z)lS*feli2SJS^±ai$4xSn§S[F- 
[0 0 5 0] 

«§fgi£tS:M7i4i(Z)C?g;gli, HVPE^<Z)SIMICJ: MOVPE^lCiSn 

m^'^v }^m6(ocmm (ms, i sx i o ^ '^/cm^ss) j:»;t)/h$<^ 

g|J:0-<5[)C^gM$: 7 X 10^ '^/cm2jetTi:-t-53i:*'JT'^€>o ^fi:|lii0ffiT'« 
, m?iSfi£tli:M7(Z)e)*>l|-M7 a^l-tttMOVPE^SlCcfcUJ^mStl, Z<D3^ 
<DCmmit0''P'm<^Ji^o IIHM7 b(Z)C?gSli7X 1 0 ^ '^/cm^ 

J^^TT'fe';, its. 2 X 1 0 1 '^J^J^TT'^-So II-M7 a(Dj?:$«||HM7 h(D 

J: y ^;^iS*^^c/J^$v^(^)-ev v^-rtiJcLT%. mssnstfeJi 7 cp<DC ?iM lip 

^P$:^'tllHM7 b®e>*., l^?gSF-l:^>yj»8 &|S?VAfeS^l±, Si, 
[0 0 5 1 ] 

mti. ^bT, «§SJfttS:Ji7lcfel-J-&lSaSF-t^>i^S8Jg^^(Z)|:^MBIS:$)^li. 
[0 0 5 2] 
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Z.t^X^^^ m^it. m-Ml a^nmOaA s ^ _ ^ P a ^^^i^^^^^- 
tL. m^M7 btrnmc aP t-t^) □ H-M 7 a hll = M7 b t\t\>^ 

[0 0 5 3] 

EI2®X®®tC:^i-J;e)lC. p MG a A s ^M^S^ 1 &fflSt-So -e 
bX. X®(DC^t-i:e)lC, 1 ©H-^^ffiMP 1 JC, 

7tM2 &M;i«0. 5 Mm, ?^>CV^T^ l§3fe»gP2 4 i:LT, (Alj^G 
y I n _y Pi:U^S, 1 Mm<©pS[^'^^y K«4 (pMK-A> 
h^Zn^Mg : ;t^8^«r$)•^7b^e>(DCt>pMF-/^•> hi:bTW#be)S) > 
0. 6 A mCDvf (y>F-^) 5, :S:t>*l ytim^nM^'^^i/ FS6 (nMF 

;i/^:Sl±> ^^C0MOVPE?£lCi: Uff^fctl-S. Al, Ga i:»V^2^). I 
n (-f , p ivy) (D^^^milf£^mn:^^t.LXit&.r(DXo^£ 

• Aimify^ ; h u ;»i5^;i/t;i/^-'5'A (tmai) , h uni^;i/7';i/^-'t7A 

(TE A 1 ) «cif ; 

• Gam:^'y^ ; h U ^^;i/^U (TMG a) , h ^ U (TEG 
a) ^if ; 

• IxiUiiT^', V^) %^)\^^yV'OU (TMIn) , h Ux5^;V-r ^S^'i^A (T 
E I n) ;5iif„ 

• Pi!^;ffx : hUpt^;i/U> (TMP) , hUx^;bU> (TEP) , Hsy.^ ^ 
> (PHg) :&ifo 

[0 0 54] 
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I * 

) *>e>^-5iiiiMi 0' t^MovPEmic^ijm^km^-t^o mz. m^mi 
0' nmm±mi 0 iiLrm'tm^(Dmm^. yythiyvi^hmsoizxm 

0 S:|§?5&-rSo 

[0 0 5 5] 

1114 <^)XS(D(C3i^, nMG a P=k U^Si-SHHM 7 b (H V P E JSST'^-S) 

HYPEmiz^ij. nmm±mi o^<^ti^^iz^M^i±^ (m^<D%m 

^MJim) o HVPE^a, M^i^miClt. n^mzxi I li^^t^T-^SGaS: 

TfH (1) ^(DyS^StCj: *; G a C 1 ^r^^S-tir, ^-V U T:^*XT'fe^ HgjifX i: 

Ga +HC1 im.m GaCl (^^) +1/2H2--" (D 

GaP®^-^, 8 0 0~8 6 O-CSMlCt^^-rSo t fe, Vj^ 

^m-e$>^Plt. PH 3 5:^^ 1; T;tfXT^^-5H2i:^=fotc^^_h:{C'^*&-r'5o 
$e>lC, Si, S efei:t>*Te® ia*7^:li2®J^;jii:3tieni5[K->'N°> 
h«, ^tl^tlSiH^, HgS, HgSe, H g T e <Z)?^-e#^*&t- So GaC 
HtPH ^ll<DM.f^mzmn. rm (2) ^(DM^SICJ:^, GailCOfgf-r^^J: 

G a C 1 + P H 3 (^^) 

-»GaP mm +HC1 (^#:) (^fls) •••• (2) 

[0 0 5 6] 

±Sai|H.»7 bCD^;R7b'J;i^TL3t^X^®JCji^, Si, Se^^XfTe 
[0 0 5 7] 
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4x-5o c^-f-^ 1 VcD^iO'T-V ^{CJ: 

[0 0 5 8] 

JSAT, 0 o®a>5r®^?^M^cov^Tl^i^■r-s■. asii, s^spiilm 

lOS:, mgSfi£i5:M7$:;a:'rm-M7 a5:t;fmH»7bi:|^CGaAsP (T^fe' 

J:e)lC^M$n-2.o fJ&t)-^, XSCZ)tC^-rJ;e)JC, G a P;()^^^elSEgS l 1 
' ^x-/5^y?. h^y >^Si:L/T?^^U. X^(D{cm-ri:e>lC. «SSPIihS 1 0 i: ^ 
SGaAs^_^Pg^ (0. 5^a^0. 9) *^ b HziM 1 0' 

tt, «?^PflitJS 1 ocDMHtcMffibTVN^megJi 1 1 ' ^rxvy^^^'ii^^-rSo 
msspaitji 1 ocDTfiiKoHEgji 1 1 li^M-r-So jgi^i^©xa«, igi4i:i^DT& 

So 

[0 0 5 9] 

nmrnM S:GaAs^_^P^ (0. 5^a^0. 9), SS^PIihM A 1 
^Ga^_^P (M^«d = Q. 2) iCT^figfS^-^, H V P E ^{C J: -g> G a 
A s 1 - a P a® (llHJi7 b) (D^f^mtiK ISflB (2) ^^C^V^T, P H 3 i: h 
=felCA s H 33()^#MS*l, 7 7 0-8 3 Or;i:^^iS«)lC|g^$tl 

So 

[0 0 6 0] 

GaAs i_aP^cfcy««igft£fcM$:^fi&1-S:ii:T% ±sa(Z) J: e> ICH V P E 
?56{Cj: ^;^Si-€>IIK©fig:R^a;K*^^V^„ tlgoT, ^%mmm\^. n§tf(Z)GaAs 
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i a. a. 

A°>h (Si> S> S e^ckO'T e© ia^feli2®J^±) ;0'J^^»S|5{|iI{CiiM 
icf£fi:b;ty, feSv%ii|g^MSIS2 4 ic-^^ti'S nM^^^y KM 6 p^co K- 

J: U^Clc< 

[0 0 6 1] 

mmmmMT ^±m<D^^iZG a a s PlCX^fi^f ^^-a^, ^^fe5f5©L P E?£$: 
[0 0 6 2] 

3S;^3> EI7lC^-rJ:e)lC, HEgMl 1' ©mS^n nniJ[JA±5 0 nmJ2tT0/J^ 

^f^mt-^nx^^M. mmm±m (mziM) i o©^{B^^c^mbTv^slle3M 

11' ^x^y^>^*-&-riC||HM7 b Sr^^fig-r-Sr il^'^T'^^o ZKD^-^, «§S 
ISJhM 1 0 (Z)^<||({CSVNT%, H-M 7 a t.m^S 7 b il^r^lCliHEgM 1 1 ' 

[0 0 6 3] 

T?^^ b, mmi&m:m 7 ®-etlJ^il^Og|S:$> ^HVPE^lCJ:SHVPEM^i:L 
[0 0 6 4] 

$^JC. I219li, «?%Ji£fcJS7<^M§P^n§![Ga PlCj:U?^f!^b, 
7 0mmBMB^(D^nmG a as Pji7 s i: LTJ^^i-^ i: i: =fofC, ■?-<©G 
a A s PM 7 s f^lCS i, S, S e JitJ^T e ® 1 fett 2 ftJSA^S: F-^'X'^ 
hil-r-5]Sa/KK-l^>^JS8 ?:J^fi&L^MT'feSo H V P E^tC J:5 i:, ItSg 
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mmm7<D^M^^^r*m^^^M-t^:it iZO^m-^. GaP-OaAsP) t,^ 
. VmTtmily^ (A s H 3^t>*PH 3) <7)SB-^it^®^StC<fc ^^{C^fT^-? 

CO 0 6 5] 

iij?$;5>^^sic/h3 vNfei?). 2-3 %mmt.xx&nit^^&m(D'rMm^^ 

0 nmmmtL. ftSli 6 n m^^i: -f S Zl *^T*^ So JfFM 
lis nmmmt-t^^t.i!)^X^^o 
[0 0 6 6] 

^ffbT=fcJ:V%, ^mmthXit. m^it. #^^7 - 6 6 4 5 5#<a{#lCg§^3 
[01] 
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[03] 
CEI4] 

[0 5] 

me] 

mi] 

[El 8] 
[09] 

1 ^M^SlK 

5 

6 n M ^ KM (ll-#«M ^ ^ >y KM) 

7 «§gi£tli:M 

7 a %—m 

7 b HHM 

8 lR?i;SK-t:">^*M 

1 0 m^ysPflihM 
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